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a optical oonrtpensation layer (A) Iwing a cfiarac- 
terisGc wtierein the refractive index in tfie ttiidoiess 
direction of tfie fim is lower than that in-plane of 
satdfibn; 

a optical oompernation layer (B) having optically 
positive refractive indec anisotropy and having a 
characteristic wherein the prinit^ optic axis 
thereof is tilted 20 to 70» from the normal direction 
ofthefOm: 

a uniaxial optical compensation layer(C)haylng 
optically positiva refractive index anisotropy; 
a polar^sng film(PL); 
a liquid crystal cel1(LCC); 

arie laminated in the following order: 

(1) PU A, B, LCC. B. A. PL 

or (2) PU A. B, C. LCC. C. B, A, PL 
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Description 

The present invention relates to a liquid crystal (fisptey device improved in vieMving angle characteristics, and par- 
tkxjlarly in viewing angi characteristics of display oontfast and gray scale inversion. 

5 The most widely used liquid crystal display device (hereinafter referred to as LCD) at present is a normally white 
(htf einafier referred to as tW) mode twisted nematic LCD (hereinafter referred to as TN-LCD). In this NW mode TN- 
II)D, a nematic liquid crystal is held between a pair of glass sulretrates having transparent electrodes. The nematic iiq- 
uv:l crystal has a helical axis in the normal direction of ttie pair of glass sut)strates, and also has an ali^vnent structure 
characterized in that the twisted angle of the axis is about 90" . This combination of the nematic Gquid crystal and the 

10 pair of dtas substrates fbrms a liquid crystal oeO. The liquid cryst^ 

dispoeed 80 that the absorption axes thereof are orthogonal to each other. 

V^en no voltage is applied to the NW mode TN-LCDJinearty polarized ind^ 
rotatory power of the liquid crystal cell and delivered, thereby generating a white oondilioa When voltage is applied, 
liquid crystal molecules rise with respect to the glass substratea and the optical rotatory power is tost The linearly 

IS polarized incident light is defiw ed wh9e keeping its condition, thereby generating a black oonc&tion. The wtiite condi- 
tkw. the blacK oonditkxi and an irtermediate concjBlion there between 

However, the nematic liquid crystal for the LCD has a bar-shaped molecular structure, and eich&xtB positive refrac- 
tive ifidex anisotropy taving a high refiiadiM 
ence due to the refractive Index anisofropy o« the liquid aystal. the po^ 

20 the LCD changes in a direction differem from the nonrnl direction of the LCD. ^ 

is viewed from an angle difl^em from the nornni db^ection of the LCD/improper viewing an^ 
erated; that is, the contrast of the digplay is towered, and the gray scale d'6^ 

Since this viewing angle characteristics are caused by the refractive Index anisotropy of the liquid crystal mole- 
cules, investigation tor its improvements have been conducted by using a phaise retaiider film exhibiting refractive index 

2S anisotropy opposite to that of the liquid crystal so as to oornpensate tor a phase cffllererra 
anisotropy of liquid crystal molecules. 

In the nprovetnentB in the viewing anfipe characteristics, a siffiif^ 
ing angto chafBcteristk» in the black cfisplay oondSoa rmely in the 
cation ooridition. the liquid crystal motecules are afigned to 

3d regaicfing ttus condition as a positive index anisotropic substance having an optical asos in the normal direction d the 
glass substrate, a method of using a phase retarder film having an optical axis in ttie normal dlrecHcin of the film and 
having negative refractive index anisotropy as a phase retaider fSm for conpensa^ 

has been ^nytoi^i^ in Japanese Laid-open Patent PUbfication No&2-015239. 3-103823 and Ihe^RKe. Hwever. in an 

actual LCD. since the Bquid crystal rnolecules remain fined near the glass sii^^ 
3S cfition twcause of ttte restraint force of the alignmerit film of the sid)6tr^ 

GgM polarizatkin condition caused by the rqiid crystal cefl t»y using the phase retarder fB^ 

normal direction of the fflm and having negative refractive index anisotropy. 

to Older to also compensate tor the tilted liquid crystal molecules, a mettwd of using a phase relaider f9m having 

an optical axis in a do^ection tdted from the nor mal direction of the f Bm and having negative refractive indeoc anisotropy 
40 has been cfisdosed in Japar^ese Laid-open Patent Pukslicatton No& 63^239421, 6-214115 and the like. However, 

amwugh these methods can Irrprove the coiitoensation condrtion tor the 1^ 

tion condition, conipensalion becornes insuffidem In the iiiterme^ 

uid crystal porixxtt increase and take more oomplk»ted afignnient conn^^ 

Therefore, it is dHlicult to improve the ^ay scale inversion phenomenon, althou^ the viewing angle charwteristic of 
45 (fispisy oorilrast can be inproved-Ae a reeult only incomplete v^ 

Japanese Laid-open Patent PiAiications IMos. &080323 and 7-306406 and WO96^0773descri>e that the viewing 
angle characteristics can also be improved by using a phase retaider plato having w 

directwn of the film although having the same positive refractive index arasofcropy as the liquid crystal has. Although 
showing that the use of the phase retarder plate having positive refractive index anisotropy and having an optical axis 

so uited from the nomnaJ drection of the film is effective for curbing ^y scale inverskxi of the Gquid crystal cell, these piA>- 
licaiions make no corcrete references to manners in which the phase retarder plate is used to acNo/e tt>e curtxng 
effect With the modes descrtoed in these put^lications. TN-LCDs cannot be obtained having sigraficantly improved 
viewing ang}e characteristics of both display contrast and gray scale inverston. 

ThuSg for the optical compensation plate used for improving viewing angle characteristics of ttie TN-LCD. no plate 

56 has been found that is capable of signff k»ntly imprcvlng viewing angle characteristics of not only display contrast but 
alsograyscal inversion. 

In view of thes circumstances, the Inventors asstouously made examinations to find that TN-LCDs having signifi* 
canttyinproved viewing angle characteristics of both display contrast and gray s^ inversionar obtained by oombin* 
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ing a layer (optical compensation layer B) comprising at least one optical comper^ation layer having optically positive 
refraclivB index anisolropy and having a characteristic wtierein tt^^ 

normal direction of th film and a layer (optical compensation layer A) comprising at least one optical compensation 
layer having almost no refractive index anisotropy in^jlan of the f Bm and having a characteristic wherein the refractive 

5 Index in the thickness direction of the fOm is kwer than that in-plane of the film, or further a layer (optical compensation 
layer C) comprising at least one uniaxial optical compensation layer having opticaJly positive refractive index anisotropy 
and by lanninating these optical condensation layers having different characteristics In a specific order ^ respect to 
tfie polarizing filns and the liquid crystal cell, namely in the order of, on kx3lh sides of the liqud crystal cell from the side 
of the Gc^id crystal cell, the optical compensation layer B and the optical compensation layer A. or the optical oompen- 

10 sation layer C. the optical compensation layer B and the optical conpensation layer A. so that the present invention has 
l)een completed. 

An ot)iect of the presem invention is to provide a TM-LCD having significantly improved viewing angle characteris- 
tics of display oontrast and gray scale inversion. 
The present invention relates to the fbUowings. 

15 

(1 ) A ncnnally white mode liquid crystal display device comprising an about SO*" twisted nematic fiquid crystal cell 
and two li^ polarizing films disposed on both sides of the cell. 

wherein 

20 • a layer (optical compens a tion laiyer A) comprising at least one optical compensation layer having almost no 
refractive index anisotropy in^)iane of the film and having a characteristic wherein a refractive index in the 
thid<ness direction of the f ibn is lower tfian that in-plane of the film. 
- a layer (optical compensation layer B) comprising at least one optical cornpensationta^ 

itive refractive index anisotropy and having a characteristic wherein the optical axis thereof is tilted 20 to 70* 

2S from the rrarmal direction of the film. 

• a polarizing fSm, and 

• a liquid crystal cefl are laminated in the tbUowtng order: the polarizing f flm, ttie optical compensation layer A, 
the optical compensation layer B, the liquid crystal ceU, the optical compensation layer B. tiie optical compen- 
sation layer A and ttie polarizing fflm. 

30 

(2) A liquid crystal display device where&r) a layer (optical compensation layer C) comprising at least one uniaxial 
optical compensation layer having optically positive refractive index anisotropy is further laminated between ttie 
optical compensation layer B and ttie liquid crystal cdl of the liquid crystal di8i3lay device described in the sbwe 
(1) in ttie following order: said polarizing film, said optical compensation layer A, said optical oorripensation layer B. 

35 said optical oornpensation layer C.8ffid liquid crystal ceil, said optical Gonn^^ 
sation layer B. said optical oorrpensation layer A ami said polarizing 

In the present Inventioa the layer (optical compensation layer Ai comprising at least one optica) compensation 
layer having almost no refractive index anisotropy ^n^plane of ttie fta 

40 indexintiiethictoiesscfirectionofthefilmislowerttiantfiaiirH^lanadthefil^ 

it satisfies ttie requirennerrts tor necessary optical characteristics. For exan^. it is possible to 
mo- cast f am having a refractive index structure wherein the retardation in-plane of ttie film is low due to ttie altgnment 
of polymers at the time f Bm formation by the solvent cast method and having a refractive index (nj in tiie thidoiess 
direction of ttie fSm is lower ttian the average refractive index (r^ in-plane of the film; a biaxial streched fam of trans* 

45 parent potyn>ers; a phase retarder using inorganic layered compound, disclosed in Japanese Laid-open Patent Publi- 
cation Iskx 5-1S8819; a compensator formed by alternately laminating thin films made of substances having different 
refractive indexes, disclosed in Japanese Laid-open Portent Publication t^la5-249457: and the tike. 

The optical characteristics of tiie optical compensation layer A are determined by tt)e retardation vahie (Ra) in- 
plane and tiie retardation value ( R a' = (n p -n x d . d: the thickness of ttie f am) In the ttikAness direction. These ratues 

so are appropriately selected depending on ttia optica) characteristics and the finally required viewing a. igJe characteris- 
tics of ttie liqud crystal cell to be used. Generally, ttiese values are used in the foUowing ranges: Ra » 0 to 100 nm and 
Ra' « 50 to 250 nm. preferably Ra ^ 0 to 50 nm and Ra 50 to 200 nm. 

In the present invention, ttie layer (optical compensation layer B) comprising at least one optical compensation 
layer having optically positive refractive index anisotropy and hav^ a characteristic wherein ttie optical axis is tilted 20 

55 to70*fromtiienoriTialdjrectionofttiefilmisnotfinirtedtoa&pecificoneaslo^ 

Bssary optical characteristic& Fiarexanrpl , it is possible to us a tilted alignment sheet aligned by suk^jecting ttiermo- 
plastic resin to the applk»tion of an electric or magnetic f ield or cfifferent drcumferential speed rolling, disclosed in 
Japanese Laid-op nPal mPubTcationNos. 4-1 2051 2 and 6-22221 3; a tilted alignment layer o4 a lic^idcryst^ 
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afigned and secured by appication of an electric or magnebc field or by afignment control using an alignment f am, dis- 
closed in Japanese Laid<)pen P»ent Putilication hlos. 7^^ ^ 
oblique vacuum deposition of an inorganic dietedric substance or th filca on a transparent substanc . disclosed in Pat- 

nt Publication No. W09&10773; and the like. 
5 TTie optical characteristicB of th optical conrpensation layer Bare determined by the tilling angle (6) of the pri 
Optic axis from the normal directiwi of the liquid CTystal cell subs^ (Rb) measured from the 

normal tfroction of the optical oonpensation layer. These values are appropriately selected depending on the optical 
characteristics and thefinaOy required viewing angle characterisbcs of the liquid crystal cell to be used. Qener^iy, these 
values are used 

10 in the folbwir)g ranges: e = 20 to 70« and Rg- 10 to 200 nrrx preferably Oo 25 to 45'^ 

The two Mnds of optical compensation layers having different characteristics are laminated between one of the 
poiarizir^ f 0ms and the fiquid crystal ceO and also laminated between the Tquid crystal cell and the other polarizing f im; 
in other words, these layers, plates and cell are lamtnatad in the following order : the polarizing film, the optical oonrpen- 
sation layer A. the optical condensation layer B. the liquid crystal cell, the optical compensation layer B, the optical 
IS conpensatibn layer A and the polarizing film. 

As descrbed above, each of the optical cornpensaiion layers A and B may be a single 
composed off a plurality of layere. 

In the present Invention, the viewing angf e characteristics may be further improved fay lanrnnating. in addition to the 
optical compensation layers A and B. a layer (optical compensation layer C] comprising at least one uniaxial optical 
20 compensation layer hav^ optically positive refractive index anisotropy between the optical corrpensation layer Band 
the Kquid crystal ceil. 

In the present invention, the layer (optical compensaton layer C) connprising at least one uruaxial optical compeiv 
sation layer having optically positive refractive index anisotropy is not limited to a specific one as long as it satisiies tie 
requirements for necessary optical characteri8tic& For exaflnple. it is possUe to use a uniaxial stretched fSm made of 
25 thermoplastic resin and generaUy used as a phase retarder. and a homogeneous alignnient layer of a liquid crystal sub- 
stance, and the like. 

The optical characteristics of the optical compensation layer C are determined by the retardation value (Rq) in- 
piana of the compensation layer. This value is appropriately selected deperid^ 

finally required viewing angle characteristics of the liqjM crystal oeO to be used. Generally, this value is used in the fol- 
30 lowing range: Rc ° 10 to 100 nm. preferably Rc » 30 to 70 nm. 

The three Kinds of optical compensation layers having different characteristics are laminated between one of the 
polarizing fflms and the liqiid crystal cefl and also laminated between the liquid crystal cell and the other polarizing fOm; 
in other words, these layers^ plates and ceil are larninated in the folk)^^ 

atoi layer A, the optical corrpen sa tion layer B, the optical compensation layer C. the Gqifld crystal cefl. the optical 
35 compensation layer C. the optical compens a tion layer a the optical oonpensation layer A and the polarizing f Om. As 
describedabO¥e,eachof the optical conpensalioh layers A. Band Crnay be a s^^ be. if necessary, 

composed of a plurality of layers. 

In the lamination strum^e of t^le optical compensation layers of the present invention 
vievwing an^ characteristics significantly depends on the relationship t>etween the rut)bing direction of the substrates 
40 on the light inddem Side and the ligm outgoing Side Of the liquid cryst^ 
optical coirpensation layer B. the optical conrpensation layer B bei 

priately selected depending on the optical characteristics and the f maOy required viewing angle characteristics of the 

fiquid crystal cell to be used. The rrxist significant effect of ifrprovirig viewing an^e characteristics is obtam 

upper side direction ol the priTKipal optic axis of the optical oonpensation layer B ^ 
45 of the rquid crystal oeO is set to about +180" with respect to the nWngdire^ 

posed dose to the light incident side and the light outgoing side of the liquid crystal cell, provided that the coumerdock- 

wise (Srection viewed from the light outgoing side of the liquid crystal cell is defined as positive. 

Furthermore, in the lanfBnation structure of the optical conrpensation layers of the presem invention, the effect of 

iirproving the viewing angle characteristics significantty deperxls on the relationship between the rubtxng direction of 
50 the substrate on the tight inddera side and the light outgoing side of the liquid crystal cell and the direction of the slow 

axis of the layer (optical compensation layer C) corrprising at least one optical a 

itive refractiva index anisotropy and having a uniaxial alignment characteristia The cfirectian of the slow axis is appro- 
priately selected depending on the optical characteristics and the finally required viowing angle characteristics of the 
Bquid crystal ceU to t>e used. The more significant effect of impronng viewing angle characteristics can tM obtained 
55 when the direction of the slow axis is set approrimately perpendicular to the rubbing direction of the liquid crystal cell 
substrate disposed dose to th Fight incident side and the fight outgoing side of the liquid crystal cell. 

The drections of the at>sorption axes of th polarizing films on both sides of the cell are selectively determined to 
be approximately vertical (E nnode) or approximately parallel (0 mod ) with resped to the rubbing direction of the liquid 
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aystal cell substrate dose to the fight incident Sid and the light outgoing side depending on 1h finally reqiired optical 
characteristics of the LCD. 

In the present inventioa the retaidation values (Ra-^a**^ and Rq) of the optical compensation layers and the tilt- 
ing directions of the optical axes ar oblainedbymeasurementsonthebasisof ordinary methods loK^ 
5 pi Skilled in th art. 

According to th present invention. TN-LCDs having signrticantly improved viewing angle characteristics of (fisplay 
oontTBst and ^ay scale inversion can be provided. 

EXAMPLES 

10 

The present invention will be explained In detail by way of the following examples. 
Example 1 

15 Based on a method deserted in Japanese Laid-open Patent Publication Na 5-196819. an optical compensation 
l^er A1 was fonmed having almost no refractive index anisotropy in-plane of ttie fflm and having a characteristic 
wtierdn ttie refractive index in the thickness direction of the f&n was k>wer than that in-plane of ttie f i^. The retardation 
valuesof the optical compensation layer A1 were Ra = 7 nmand Ra - 56nm. 

Based on a method described in W096/1 0773. an optical compensation layer B1 was ^ 

20 itiveielraclive index anisolropy and havirig a Characteristic whm 

nomial direction of the tami The filtirig angle of ttie optical oxipensation layer B1 was e 
thereof was Rb - 35 nnt 

A TN-LCD was produced laminating ttie above-descrbed two kinds of optical compensation layers between ttie 
liquid crystal ceO and ttie polarizing films disposed on botti sides ttiereof in a TFTTN liquid aystal television (CRYS- 

25 TALTRON. 4E4.1 ) made by Sharp Corporation in ttie following order: ttie polarizing f flm. ttie optical oonpensation layer 
A1, ttie optical compensation layer B1. ttie liquid crystal ceO. ttie optical oonpersation layer B1. the optical oompensa- 
tionlayer A1 and the polarizing film. 

At ttiis tiine. ttie ^)per side direction of the princpal optic axis of ttie optical 
ttie ligm outgoing side of ttie equid crystal cell was set to -1-1 80^ 

90 ceas(i)6tiate disposed ctose to ttie Gc^incidem side and ttie ligMou^ 

Inttis TN-LCD. white display, black display and gray scale display of eight gray levels were performed witti VG365N 
video pattern generator made by AMT Corporation, and contrast ratio at ttie time of the wtiiteAslack display and gray 
scale invmon at ttie time of ttie gray scale display of eight gray levels were measured within a range cf 60** In the 
tf)per. fower. left and rig^ directfons witti LCO-7000 made by Otsuka Electronics Ca. Ltd. 

ss The angles where gray scale inversfon occurs in ttie Lfjper. Imrer. left and right drectfons are shown in Table 1. In 
this LCD. the viewing an^e characteristics of botti display contrast and gray scale inversion were excellent incdloffthe 
upper, tower, left and right directions. Thus, ttie LCD Is 1^ more excellent ttian oonventional TN-LCDs. 

Example 2 

40 

Based on ttie mettiod descrfoed in Japanese Laid-open Patent Publication No. 5-196B1 9. ttie optical conpensation 
layer A1 was formed having almost no refractivB index anisotropy irvplane of the fHm and having a characteristic 
wherein ttie reactive index in ttie ttiickness direction of ttie f Om was lower tiian ttiat ini)lane of ttie film. The retaidation 
values of the optical condensation layer A1 were Ra = 7 nmand Ra* » 56 nm. 
45 Based on ttie mettiod described in WO96^l0773. an optical compensation layer B2 was fomied having optically 
positive retractive index artisotropy and having a characteristic wtierein the principal optic axis ttiereof was tilted from 
ttie nonral direction of ttie film. The tilting angle of ttie optical compensation layer 62 was 0-35° and ttie retardation 
value ttiereof ms Re = 24 nm. 

A TN-LCD was produced by laininating tiie above^lescribed two Mnds of opl^ 
so fiquid crystal cell and ttie polarizing films disposed on both sides ttiereof in a TFT-TN-LCD equipped notebook peisonal 
computer (PC9821 LalO) rr^ie by NEC Corporation ffi ttie following order: ttie polarizing film, ttie optical oonpensation 
layer A1 . ttie optical compensation layer B2, ttie Gqiid crystal cell, ttie optical conrpensation layer B2. ttie op^ oom- 
pensation layer A1 and the polarizing f 8m. 

At ttiis tirne, ttie upper side direction of ttie priTK^pal optic axis of ttie optical co^^ 
55 ttie Oght outgoing side of ttie liquid crystal cell was set to •►lao* witti respect to ttie ntting direction of ttie liquid crystal 
ceBsubstrat disposed dose to ttie fi^ incident sid and ttie light outgoing side of the nqyid crystal cell. 

In ttiis TN-LCD. whit display, black display and gray scale display of eight gray te^s were performed r 
software, and contrest ratio at th time of the wtiite/black (fisplay and gray scale inversion at the time of the ^ay scale 
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display of eight ^ scales were meaisured within a rang of GO* in the upper, lower, left and right directions with LCD- 
7000 made by Otsula Electronics Ca. Ud. 

Th angles where gray scale inversion occurs in the upper, lower, lett and rigm directs shown in Table 1. in 
this LCD. the viewing angle characteristics of both dspiay contrast and gray scale inversion were excellent In aO of th 
5 upper, lower, left and right directions. Thus, th LCOisfcvmor excelent than conventional TN-LCDs. 

Examples 

Based on the method described in Japanese Laid-open Patent PubGcabon No. 5-19661 9. the optical oon^pensitfion 
w layer A1 was formed having almost no refiactive index anisotropy in-plane of the film and having a characteristic 
vwherei n the refractive index rn the thickness direction of the lifcn was lower than that irvplane of the film. The retardation 
values of the optical compensation layer A1 were Ra 7 nm and Ra* = 56 nm. 

Based on the method described in WO96/10773, the optical compensation layer B2 was tormed having optically 
positive refractive index anisotropy and having a characteristic wherein the princ^ optic axis thereof was tilted from 
15 the normal dSreclion of the fam. The tilting angle Of the optical corT9)ensa^ 
valiie thereof was Rb s 24 nm. 

A uniaxial optical compensation layer CI having optically positive refiactive index anisotropy was formed t3y uniax- 
ially stretching a polycarbonate f am Ibrrned by the solvem cast method. Ihe rete^ 
tion layer C1 was Rq = 46 nm. 

30 A TN-LCD was produced by laminating the atxsve-described three kinds of optical compensation layers iMiween 
the liquid crystal cell and the polarizing films disposed on both sides ttiereof in the TFT-TN-LCD equ'^jped notebook per- 
sonal computer (PCd821 LalO) made by NEC Corporation in the toik3wing order: the polariang film, the optical com- 
pensatkxi layer A1. the optk»l compensation layer B2. the optical oompensalion layer CI. the Ik^uid crystal cefl, the 
optical compensatkxi layer CI , the optica] compensatkHi layer B2. the optical compensation layer A1 and the polarizing 

25 fifrn. 

At this time, the upper side directton of the principal optic axis of the optkaloompensa 
the light outgoing side of the liquid oryslal cefl was set to -1-160* wit^ 

cell substrate disposed dose to the light incident side and ttieli^ outgoing side o« the Equid crystal cell, and tttecfirec- 
tk)n of the stow axis of the optical compen8atk)n layer C was set perpendiciil^ 
30 tal cell sut)6trate disposed dose to the Gght inctdent side and the light outgoing side of the Bquid crystal ceil. 
In this TN-LCD. white (Ssplay. bJack cBsplay and gray scale display of ei^ 
software, and contrast ratio at the time of the whHeA3lack<fisptay and gray scale inversi 

display of eight gray scales were measured within a range of 60* in the upper, tower, left and right directtons with LCD> 
7000 made fay Otsuka Electronics Ca. Ud. 
3s The angles Where gray scale inversion occurs in the ifsper. tower, left and right directtons are shown in Table 1. In 
this LCD, the viewing angto characteristks of both dtepl^y contrast and gn^ 
upper, tower, left and right directions. Thus, the LCD is tar more excellent than conventtonal TN-LCDs. 

Con(v>arBlive Example 1 

40 

A TN-LCD having three kinds of optical corrpensation layers laminated therein was produced in a manner sinvlar 
to that of Example 3 except that the optical compensation layers were laminated in the foltowing order: the polarizing 
film, the optkal con^iensation layer CI . the optical axnpensatton 1^ 

crystal cell, the opttoal compensatkyi layer A1. the optical compensatton layer B2. the opttoal compensatton layer CI 
45 arxj the pdarizing fibn. 

In this TN4.CD, white dieplay. bl ack display and gray scato display of eight gray levels were peribnned by computer 
software. 

In this TN-LCD. although the viewing angles of cfi9)lay contrast in the left, rig^ and tower directions were excellent, 
but the angle in the upper direction was inferior, and the viewing an^e characteristic of gray scale inversion was not 
5a very excellent in any of tfie upper, tower, left and right directtons. 

Conparative Example 2 

A TN-LCD was produced where in the TN-LCD of Example 3, the opttoal compensatton layers were not used but 
55 only the polarizing films were mounted. 

In this TN-LCD. white cfi^ay. black display and gray scale display of eight gray levels were perfonned by computer 
software, and contrast rati atth tim of the white/black display and gray scale inversion at the time of the (^y scale 
display of eight gray scales were measured within a rang of 60* in the upper, tower, left and right drecttons with LCD- 
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7000 mad by OtsuKa ElectroniC6 Co.. Ltd. 

TTiG angles where gray scale inversion occurs in the Mpper, lower, left and rig W d^ ections ar shown in Table 1 . In 
this TN-LCD. the viewing angi of display contrast and the viewing angi characteristic of gray scale inversion wer not 
very excellent In any of the upper, lower, left and right directionSw 

Table 1 



Angle where gray scale inversion occurs 





upper 


Lower 


Left 


Right 


Exan^e 1 


39- 


45" 




52* 


Exarnple2 


35» 


20» 


50* 


50' 


Examples 


35- 


15* 


60* or greater 


60* or greater 


Conrparalive example 2 


30» 


5» 


zr 


30* 



Ctabns 

1. A normal^ white modality crystal display device ooriprising an about 90* 
two light polarizing fin» disposed ori both sides of said oell. 

• a layer (optical oorrrpensalion layer A) comprising at least one optical compensation layer having atmoct no 
refractive index antsotroiy in-ptane of the film and having a characteristic wherein the refractive index in the 
thickness direction of the film is lower than that in-plane of said f am; 

• a l^er (optical compensation layer B)coiTprisingal least one optical CO 

hive refractive Index anisotropy and having a characteristic wherein the prrapal optic axis thereof is lilted 20 
to 70* from the normal (firection of the film; 

• a polarizing fim. and 

• a liquid crystal oeO are laminated in the following order: said polarizing fim, said optical compensation layer A, 
said optica] compensation layer B. said liquid crystal cdl said optica 

pensalion layer A and said polarizing filiTt 

2. A liquid crystal <fisplay device wherein a layer (optical compensation layer C) comprising at least one uniaxial opti- 
cal compensation layer having optically positive refractive index anisotropy is further laminated between the optical 
oornpensationlfver Band the liquid crystal cell of the rqutd crystal dispiayde^ 1 in the fol- 
lowing order: said polariang fam^ said optical oompensalion la^ 

corrpertttion layer C. said liquid crystal cell, said optical oompensa^ 
said optical compensatidn l^er A and said polarizing film. 

3. The liquid crystal c£sp!ay deince according to claim 1 or d^m 2 , wherein, as viewed from the light outgoing side of 
said Gquid crystal ceil, the upper side direction of the princ^ optic a^ 

two or three tondb of opticai compensatx)n layers, is set to about +1 80* ^ 

crystal cell substrate disposed dose to the light incident side and the light outgoing side of said liquid crystal cell. 

4. The liquid crystal display device according to daim 2. wherein the directiM 

sation layer C in said three Mnds of optical cornpensation layers, is set appfoxirnat rubbing 
direction of liquid crystal cell substrate disposed dose to the light incident side and the fight outgoing side of said 
liqiid crystal cell. 
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(54) Liquid crystal display device 

(57) A NW nrKxJe TN-LCDs having significantly 
irpproved viewing angle characteristics of both display 
contrast and gray scale inversion, wherein 



a optical compensation layer (A) having a charac- 
teristic wherein the refractive Index in the thickness 
direction of the film is lower than that in-plane of 
said film; 

a optical compensation layer (B) having optically 
positive refractive index anisotropy and having a 
characteristic wherein the princijpat optic axis 
thereof Is tilted 20 to 70*" from the normal directton 
of the film; 

a uniaxial optical compensation layer(C)having 
optically positive refractive index anisotropy; 
a polarizing film(PL); 
a liquid crystal cell(LCC); 



are laminated in the Ibltowing order: 

CO (1) PL, A. B. LOG, B. A, PL 

< or (2) PL. A. B. C. LCC, C. 8, A. PL 

CO 

CO 

s 

o 

CL 
UJ 
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